solution), the results AUC-SE analysis indicate that KillerRed has higher dimerization affinity than SuperNova and mCherry.
Overall structure of SuperNova.
The structure of SuperNova was determined at 2.3-Å resolution by the molecular replacement method using the coordinates of the protomer of KillerRed, which was solved by our group (PDB ID: 3A8S), as a search model. The details of data collection and refinement are summarized in Supplementary Table. SuperNova was composed of an 11-stranded β-barrel with an internal α-helix passing through the inside of the barrel, which is characteristic of the fluorescent protein family (Supplementary   Figure 2) . The chromophore is formed by the autocatalytic cyclization and oxidation of 3 residues (Gln65-Tyr66-Gly67) located at the center of the internal α-helix. The crystal structure of SuperNova was determined to be a dimer. The final model contains 8 SuperNova monomers (4 dimers) in the crystal lattice. The root-mean-square deviation (RMSD) values between independent monomers ranged from 0.166 to 0.357. The N-terminal residues, C-terminal tail, and residues composing the loop between β10 and β11 were disordered. Residues 5-206 and 214-228 were present in all the SuperNova monomers.
The dimer interface consists of hydrophilic (Arg97, Glu99, Ser145, Glu146, His148, Arg158, Thr160, Thr162, Gly164, Lys172, His176, Thr198, Thr201, Lys202, Arg217, Glu218, His223, and Arg227) and hydrophobic moieties (Leu143, Pro144, Phe150, Pro151, Ala161, Met174, Pro194, Phe196, Ile200, Val219, Tyr221, Val225, Pro226, and Ile228) . The C-terminal extension (His223-Ile228) was involved in the interchain interaction in a hydrophobic manner.
Interface of the crystallographic dimer of SuperNova.
To decrease the dimeric state of KillerRed, Leu160 and Phe162, which faced the dimeric surface and contacted each chain, were substituted with threonine (Thr160 and Thr1624, respectively, in SuperNova). Because of these mutations, KillerRed-L160T/F162T was monomeric in solution (Figure 1 and 2 ). In the crystal structure of SuperNova, a change in the dimer orientation of KillerRed was observed (Supplementary Figure 2b) . Thr160 and Thr162 have no hydrogen bond connection with any atoms in other chains. The distance between the Cα atoms of L160 of KillerRed is 11.6 Å; however, the distance between the Cα atoms of Thr160 in SuperNova is 14.0 Å (Supplementary Figure 2c, d) . This means that the dimer packing of SuperNova is changed in its crystal structure. In the results upon mutation on these residues, which comprised the dimer interface of KillerRed, the averaged dimer interface area of 8 SuperNova chains in an asymmetric unit is 1131.3 Å 2 , which is less than that of KillerRed (1654.9 Å 2 for chain A and 1671.6 Å 2 for chain B) 9 . This reduction of the interface area is considered to be due to the mutation in the central keel of the dimer interface composed of the hydrophobic stacks of Leu160 and Phe162 of both chains in KillerRed (Supplementary Figure 2d) . This suggests that the dimer of SuperNova in the crystal is formed by high concentrations of SuperNova in the crystallization process.
In KillerRed, the dimer interface is stabilized via 2 salt bridges between the side chains of Glu99 and Arg158 (Supplementary Figure 2d) . However, in SuperNova, the salt bridges between the side chains of Glu99 and Arg158 were not detected in the electron density map (Supplementary Figure 2c) .
The crystal structure of SuperNova presented in this study existed as a dimer;
however, compared with the dimer orientation of KillerRed, the propensity to form a dimer is reduced in SuperNova. In the P1 crystal of SuperNova, there are 4 noncrystallographic dimers in a unit cell. In a solution state, SuperNova exists as a monomer with a dissociation constant exceeding 100 µM, which was confirmed by analytical ultracentrifugation. The previous structural study of Pletnev et al. 9 indicated that the extended C-terminal tail region contributes to the stabilization of the dimer interface. In SuperNova, C-terminal extension was also observed, and no mutation was detected in this region during the engineering to produce SuperNova. This C-terminal extension may induce the dimer formation observed in the crystal structure of SuperNova.
Structure around the chromophore.
In dimeric KillerRed, the phenolate oxygen of the chromophore is stabilized by a hydrogen bond between the side chain amine of Asn145. This asparagine was mutated from threonine in the development of KillerRed, which was derived from the nonfluorescent protein anm2CP. The T145N mutation is required for the fluorescent property and phototoxic activity of KillerRedside chain tightly interacts with the phenolate oxygen of the chromophore, the conformation of the chromophore is stabilized in the fluorescent cis conformation of KillerRed. In SuperNova, this residue is mutated to serine (Ser145), which lacks the amine required for the hydrogen bond. Therefore, the phenolate oxygen is considered unstable. However, the B-factor of this phenolate oxygen is low. In SuperNova, the phenolate oxygen of the chromophore is stabilized by the hydrogen bond network via a conserved water molecule. This hydrogen bond network among the main chain oxygen Actin is a cytoskeletal protein so that fusion to actin highlights actin fibers in cytosol (f), Lyn-SuperNova. Lyn is a sigal sequence for plasma membrane localization so that fusion protein was stronlgly localized in plasmaembrane (g), SuperNova-RhoV14, a constitutive active Rho that is localized in plasma membrane (h), and LIMK1-SuperNova.
LIMK1 is a cytosolic kinase for cofilin so that cytosol should be highlighted by its fusions (i) were expressed in HeLa cells. Scale bars, 10 μm. 
